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DRIVETRAIN COMPRISING AN INTERNAL 
COMBUSTION ENGINE AND TWO ELECTRIC 

DRIVE UNITS 

[0001] The invention relates to a drive train comprising an 
internal combustion engine and tWo electric drive units 
according to the preamble of claim 1, and to a method for 
operating the same. Furthermore, the invention relates to a 
group of drive trains in accordance With selected features of 
claim 19. 

[0002] The document DE 196 06 771 C2 discloses a 
hybrid drive for motor vehicles, Which has an internal 
combustion engine and tWo electric drive units. A ?rst poWer 
branch is provided betWeen an engine shaft of the internal 
combustion engine and an output element, here an output 
shaft, the drive torque of the internal combustion engine 
passing via said poWer branch. The engine shaft can be 
coupled directly to the output shaft via a clutch. The ?rst 
electric drive unit exchanges poWer With the ?rst poWer 
branch in such a Way that the drive torque of the ?rst electric 
drive unit can be superimposed on the drive torque of the 
internal combustion engine. The second poWer branch is 
operated by the second electric drive unit. The poWer of the 
second drive unit is superimposed on the poWer of the ?rst 
poWer branch and that of the second poWer branch, that is to 
say the poWer of the internal combustion engine and, if 
appropriate, the poWer of the ?rst electric drive unit, via a 
pick off gear unit, here a planet gear unit. Here, according to 
the prior art, a sun gear of the pick off gear unit is connected 
to the engine shaft, While the torque of the second electric 
drive unit can optionally be transferred to tWo ring gears of 
the pick off gear unit With different diameters via tWo 
clutches of the second poWer branch. A speed-transforming 
transmission is connected betWeen the clutches and the ring 
gears. 

[0003] Further knoWn hybrid drives are knoWn, for 
example, from the documents DE 41 24 479 C2, WO 
94/19856 and DE 199 16 489 C2. 

[0004] The present invention is based on the object of 
proposing a drive train and a method for operating the same 
Which are improved in terms of 

[0005] the combination With existing transmission con 
cepts, 

[0006] different operating ranges, 

[0007] different operating strategies, 

[0008] the poWer and/or torque balances and/or 

[0009] the formation of groups With different drive train 
concepts. 

[0010] Furthermore, the object of the invention is to 
propose a group of drive trains Which ensures a modular 
design for subgroups of different drive trains With a high 
number of identical parts. 

[0011] The object on Which the invention is based is 
achieved in that at least tWo operating positions are provided 
in the drive train. In a ?rst operating position, the above 
mentioned poWer branches can be coupled directly to one 
another, for example by means of a suitable clutch. There 
fore, in this ?rst operating position, in particular the torque 
of the second electric drive unit is directly superimposed on 
the drive torque of the internal combustion engine Without 
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intermediate connection of further speed-transforming trans 
missions. In this operating position, a torque of the second 
drive unit can thus be added to the torque of the internal 
combustion engine, operation can take place exclusively by 
means of the second electric drive unit, energy can be 
recovered, for example to be fed into a battery or for 
operating the ?rst electric drive unit, and/or the internal 
combustion engine can be operated by means of the second 
electric drive unit during a start operation. 

[0012] According to the invention, in a second operating 
position the tWo poWer branches can be coupled to one 
another via the pick off gear unit. In this context, the tWo 
poWer branches each have a drive connection to tWo trans 
mission elements (the transmission elements of the ring 
gear, planet, Web, sun gear) of the pick off gear unit. The 
output of the pick off gear unit is formed in this case by a 
third transmission element. The superimposition by means 
of the pick off gear unit results in a variable transmission in 
the direction of the output element. In this Way it is possible 
to implement, for example, What is referred to as a geared 
neutral point, represented by the output element When the 
internal combustion engine is Working and the second 
electric drive unit is Working. Furthermore, a forWard or 
backWard movement of the output element is possible 
depending on the rotational speed of the second electric 
drive unit. 

[0013] The inventive con?guration results in a con?gura 
tion of the transmission ratios and operating possibilities 
Which is improved compared to the prior art together With an 
optimum utiliZation of installation space. 

[0014] According to a further proposal of the invention, 
the transmission element Which conducts the drive torque of 
the internal combustion engine and, if appropriate, the drive 
torque of the second electric drive unit has a drive connec 
tion to a ring gear of the pick off gear unit. If the output is 
provided via a further transmission element of the pick off 
gear unit, the drive torque of the transmission element can 
easily be transmitted in the direction of the output element. 

[0015] The pick off gear unit preferably has a double 
planet gear Which has a drive connection to the abovemen 
tioned ring gear and to a second ring gear. The number of 
possible operating modes of the drive train can be increased 
by means of the second ring gear. 

[0016] A particularly advantageous inventive con?gura 
tion of the drive train is obtained if the output element is an 
input element of a component transmission Which is con 
nected doWnstream. This permits the inventive measures to 
be combined, for example in accordance With the document 
DE 199 10 299 C1, With a component transmission Which is 
knoWn per se, as a result of Which advantages of the 
measures according to the invention can be combined With 
advantages of transmissions Which are knoWn per se. The 
con?guration according to the invention permits, in contrast 
With the abovementioned prior art, the motor vehicle to be 
driven purely electrically While using all the gear speeds of 
the component transmission Which is connected doWn 
stream. Furthermore, the component transmissions Which 
are connected doWnstream can be used on the one hand for 
combination With an internal combustion engine and tWo 
electric drive units in drive trains, that is to say for a hybrid 
drive, and also likeWise for other drive trains Which only 
have, for example, one internal combustion engine. This 
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permits the component transmission to be manufactured in 
large numbers for different purposes of use With a high 
proportion of identical components. 

[0017] A method according to the invention for operating 
a drive train is characterized in that the drive train is 
operated in accordance With the operating conditions. The 
operating conditions are, for example, an operating tempera 
ture or operating period of the drive train, an operating 
temperature or operating frequency or a Wear state of a 
starting element, a clutch or a brake, a charge state of a 
battery, a detected driving environment or a driver’s request. 

[0018] Depending on the operating conditions, the internal 
combustion engine is started (in some cases) With the second 
electric drive unit sWitched off and clutches opened, by 
applying the output torque of the ?rst electric drive unit to 
the internal combustion engine. This permits, in particular, 
Warm starting of the internal combustion engine by means of 
the ?rst electric drive unit. For different operating condi 
tions, the internal combustion engine is started With clutches 
closed, by applying the output torque of the ?rst electric 
drive unit and of the second electric drive unit to the internal 
combustion engine. The torque Which is available to crank 
the internal combustion engine is thus obtained by super 
imposing the drive torques of the tWo drive units. OWing to 
the increased available torque, this operating mode is suit 
able in particular for cold starting the internal combustion 
engine. For both of the abovementioned operating modes, 
the electric drive units are fed by a vehicle battery. Further 
more it is possible to crank the internal combustion engine 
With the ?rst electric drive unit While the starting clutch is 
opened, While at the same time the motor vehicle is driven 
electrically by means of the second electric drive unit. 

[0019] According to a development of the method accord 
ing to the invention, depending on the operating conditions, 
the internal combustion engine is started With clutches 
closed, by applying the drive torque of the ?rst electric drive 
unit and of the second electric drive unit to the internal 
combustion engine, With the pick off gear unit being inter 
mediately connected in this case betWeen the second electric 
drive unit and the internal combustion engine. This makes it 
possible for the output torque of the second electric drive 
unit to be transmitted in the direction of the internal com 
bustion engine, permitting a further increased drag torque 
for the internal combustion engine. This operating mode is 
particularly suitable for extreme starting of the internal 
combustion engine. 

[0020] According to developments of the method accord 
ing to the invention, different partial operating ranges for the 
How of force to the output element are possible during a 
driving mode: 

[0021] In partial operating ranges With maximum poWer 
demand, drive is provided by means of the internal 
combustion engine, the ?rst electric drive unit and the 
second electric drive unit. 

[0022] In partial operating ranges in Which there is 
neither an increased poWer demand nor is there a need 
for energy to be recuperated by means of the electric 
drive units, drive is provided exclusively by means of 
the internal combustion engine. 

[0023] When drive is being provided by means of the 
internal combustion engine, the energy is fed back into 
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a battery by means of the ?rst and/or second electric 
drive unit in order to recover energy, for example in 
order to recharge the battery. 

[0024] In partial operating ranges it is also possible for 
drive to be provided by means of the internal combus 
tion engine and an electric drive unit, in particular the 
?rst electric drive unit, this electric drive unit being fed 
at least partially by the other electric drive unit Which 
is used in the generator operating mode, in particular by 
the second electric drive unit. This saves the battery 
and/or permits longer operation When the battery is 
used. 

[0025] According to a further proposal for a means of 
achieving the object on Which the invention is based, a group 
of drive trains is provided Which each have a transmission 
connected doWnstream of the output element, for example in 
accordance With the document DE 199 10 299 C1. 

[0026] This group has different subgroups of drive trains 
of different designs. 

[0027] There is a ?rst subgroup of drive trains Which 
have a hybrid drive With an internal combustion engine 
and tWo electric drive units. 

[0028] For a second subgroup of the drive trains, a 
hydrodynamic torque converter, instead of the parts 
Which are necessary for the hybrid drive, is connected 
betWeen the internal combustion engine and the output 
element in the installation area of the ?rst and/or 
second electric drive unit (instead of said unit or units). 

[0029] This embodiment of the invention results in a 
modular design for Which the component transmission 
Which is connected doWnstream of the output element can be 
combined With a suitable front mounted module so that 
When the component transmissions are the same a hybrid 
drive and a conventional drive, in particular an automatic 
transmission With a hydrodynamic torque converter, can 
easily be provided With a large number of identical compo 
nents. 

[0030] According to one inventive development of the 
group of drive trains, there is a third subgroup for Which a 
starting clutch is intermediately connected betWeen the 
internal combustion engine and the output element in the 
installation area of the ?rst and/or second electric drive unit 
(instead of said drive unit or units). Accordingly, three 
different variants of drive trains can be provided With a 
simple modular design. For example, the third subgroup 
comprises drive trains for implementing an automatic trans 
mission With an operating behavior Which is more sporty 
compared to the second subgroup. 

[0031] One particularly advantageous group of drive 
trains is obtained if the pick off gear unit is an input-end 
planet set of the component transmission. As a result it is 
possible to further reduce the number of necessary compo 
nents needed for implementing a hybrid drive in accordance 
With the ?rst subgroup. 

[0032] Advantageous developments can be found in the 
subclaims, the description and the draWings. 

[0033] Preferred exemplary embodiments of the drive 
trains according to the invention and subgroups of the 
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inventive group of drive trains are explained in more detail 
below With reference to the drawing, in Which: 

[0034] FIG. 1 shows a drive train according to a second 
subgroup from the group of drive trains With a component 
transmission, Which is embodied as an automatic transmis 
sion, With a hydrodynamic torque converter, 

[0035] FIG. 2 is a table of the shifting means (clutches/ 
brakes) active in the individual gear speeds of the transmis 
sion in FIG. 1, 

[0036] FIG. 3 shoWs a further embodiment of a drive train 
from a second subgroup of the group of drive trains With a 
component transmission Which is embodied as an automatic 
transmission, and a hydrodynamic torque converter con 
nected upstream of it, 

[0037] FIG. 4 is a table of the shifting means (clutches/ 
brakes) active in the individual gear speeds of the transmis 
sion according to FIG. 3, 

[0038] FIG. 5 shoWs a drive train from a ?rst subgroup of 
a group of drive trains With a component transmission Which 
is embodied as an automatic transmission, and hybrid set 
connected upstream, 

[0039] FIG. 6 shoWs a drive train according to a ?rst 
subgroup of a group of drive trains With a component 
transmission Which is embodied as an automatic transmis 
sion, and a hybrid set Which is connected upstream, and 

[0040] FIG. 7 shoWs a more detailed embodiment of part 
of the component transmission and of the hybrid set Which 
is connected upstream, according to FIG. 5 or FIG. 6. 

[0041] Drive trains 10 according to the invention have a 
component transmission 11 Which is embodied as an auto 
matic transmission and a transmission component Which is 
connected upstream of the component transmission 11. 
According to FIGS. 1 and 3, the transmission component is 
embodied With a hydrodynamic torque converter 12, While 
according to FIGS. 5, 6 and 7 a hybrid set 13 is provided as 
the transmission component. The How of force betWeen the 
component transmission 11 and the transmission component 
12, 13 takes place by Way of an input shaft E. 

Re the Function of the Component Transmission 11 

[0042] An input-end planet gear component transmission 
TE has a planet carrier PTE on Which planet gears PE are 
rotatably mounted. An external central gear HE, Which has 
a rotationally ?xed connection to the input shaft E, meshes 
With the planet gears PE. An internal central gear SE, Which 
is connected to an engageable and disengageable frictionally 
locking brake B1 and to an engageable and disengageable 
clutch K1 also meshes With the planet gears PE. According 
to the embodiments according to FIGS. 1 and 3, if appro 
priate in addition to FIGS. 5, 6 and 7, a freeWheeling clutch 
F1 is arranged in operative terms betWeen the planet carrier 
PTE and a nonrotating housing component GT and said 
freeWheeling clutch F1 is engaged When the planet carrier 
PTE is rotating in the opposite direction to the direction of 
rotation of the input shaft E. An output-end planet gear 
component transmission TA has a planet carrier PTA on 
Which planet gears PA are rotatably mounted and Which is 
provided With a rotationally ?xed drive connection to an 
output shaft A. An external central gear HA, Which is 
connected to the input shaft E by means of an engageable 
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and disengageable frictionally locking clutch K2 meshes 
With the planet gears PA. In addition, an internal central gear 
SA, Which is connected to an engageable and disengageable 
brake B2, meshes With the planet gears PA. 

[0043] A planet gear reversing component transmission 
TU has a planet carrier PTU on Which planet gears PU are 
rotatably mounted and Which is connected to an engageable 
and disengageable frictionally locking brake BR and is 
provided With a rotationally ?xed drive connection VA to the 
external central gear HA of the output-end component 
transmission TA. An external central gear HU, Which has a 
drive connection VE to the planet carrier PTE of the 
input-end component transmission TE meshes With the 
planet gears PU. In addition, an internal central gear SU 
meshes With the planet gears PU. 

[0044] According to the embodiments in FIG. 1 and FIG. 
5, a drive connection VUK is provided betWeen the tWo 
internal central gears SA and SU, said drive connection 
VUK being embodied in a releasable fashion by intercon 
necting an engageable and disengagable frictionally locking 
clutch K3. 

[0045] According to the embodiments in FIG. 3 and FIG. 
6, a drive connection VUF, Which is continuously ?xed in 
terms of rotation, is active betWeen the tWo internal central 
gears SA and SU. 

[0046] All the embodiments have in common the fact that 
secondary planet gears NPE are additionally rotatably 
mounted on the planet carrier PTE and mesh both With the 
planet gears PE and With an external secondary central gear 
NHE Which is connected to an engageable and disengage 
able frictionally locking brake BN. 

Transmission State 1st Gear Speed 

[0047] For the embodiments according to FIG. 1 and FIG. 
5, the transmission state is such that according to the table 
in FIG. 2 the brake B2 and the clutch K3 are engaged and 
as a result both component transmissions TA and TU are 
shifted to a static transmission ratio With a securely braked 
reaction element4central gears SA and SUiand are con 
nected in series in the How of force. Although this also 
applies to the input-end component transmission TE, the 
static transmission ratio Which is connected When the sec 
ondary central gear NE is securely braked is higher in said 
component transmission TE than that When the central gear 
SE is securely braked. 

[0048] Correspondingly, for the embodiments according 
to FIG. 3 and FIG. 6 the secondary central gear NHE is also 
securely braked by the brake BN, the central gears SA and 
SU are securely braked by the brake B2, and the three 
component transmissions TE, TA and TU are connected in 
series in the How of force. 

Transmission State 2nd Gear Speed 

[0049] According to the table in FIG. 2, all three compo 
nent transmissions TE, TA and TU Which are shifted to their 
static transmission ratio With the reaction element4central 
gears SE, SA and SUibraked securely, and in series With 
respect to the How of force so that the gear speed transmis 
sion ratio for the second gear speed results here from 
multiplicative connection of these three component trans 
mission ratios. 
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[0050] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 all three component 
transmissions TE, TA and TU are shifted to their static 
transmission ratio With the reaction elementicentral gears 
SE, SA and SUibraked securely, and in series With respect 
to the How of force so that here, too, the gear speed 
transmission ratio for the 2nd gear speed results from 
multiplicative connection of these three component trans 
mission ratios. 

Transmission State 3rd Gear Speed 

[0051] According to the embodiments in FIG. 1 and FIG. 
5, the input-end component transmission TE is shifted to its 
component transmission ratio 1:1 and in series With the 
component transmissions TA and TU in the How of force by 
the clutch K1, Which component transmissions TA and TU 
are respectively shifted to their static transmission ratio, as 
a result of the engaged state of the brake B2 and the clutch 
K3, are respectively shifted to their static transmission ratio 
With the reaction element (central gear SA or SU) securely 
braked and connected in series With one another in the How 
of force. Accordingly, in this case the gear speed transmis 
sion ratio results from the multiplicative connection of the 
static transmission ratios of the tWo component transmis 
sions TA and TU. 

[0052] According to the exemplary embodiments illus 
trated in FIGS. 3 and 6, oWing to the respectively engaged 
state of the clutch K1 and of the brake B2 according to the 
table in FIG. 4 the input-end component transmission TE is 
shifted to its partial transmission ratio 1:1 and connected in 
series With the component transmissions TA and TU in the 
How of force, corresponding to the transmission state for 
FIGS. 1 and 5, said component transmissions TA and TU 
being connected in series With one another in the How of 
force in their respective static transmission ratio by the 
rotationally ?xed coupling VUF of the central gears SA and 
SU When the reaction element is securely braked. Accord 
ingly, the transmission ratio also results here from the 
multiplicative connection of the static transmission ratios of 
the component transmissions TA and TU. 

Transmission State 4th Gear Speed 

[0053] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the respectively 
engaged state of the clutches K1 and K2 and of the brake B2 
cause the component transmissions TE and TU to be shifted 
to their respective transmission ratio 1:1 and the output-end 
component transmission TA to be shifted to its static trans 
mission ratio When the reaction element is securely braked, 
so that the gear speed transmission ratio results solely from 
the static transmission ratio of the output-end component 
transmission TA. 

[0054] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 the respectively 
engaged state of the clutch K2 and of the brake B2 and the 
clutch VUF of the central gears SA and SU cause the 
component transmissions TE and TU to be disconnected 
from the transmission of force, and the output-end compo 
nent transmission TA to be shifted to its static transmission 
ratio When the reaction element is securely braked, so that 
the gear speed transmission ratio results solely from the 
static transmission ratio of the output-end component trans 
mission TA. 
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Transmission State 5th Gear Speed 

[0055] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the three clutches K1, 
K2 and K3 are engaged so that all three component trans 
missions TE, TA and TU rotate as a common block, and 
consequently the 5th gear speed is con?gured as a direct gear 
speed. 

[0056] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 the tWo clutches K1 
and K3 are engaged. The function of the engaged clutch K3 
according to FIG. 1 is assumed here again by the coupled 
connection VUF so that in this case also all three component 
transmissions TE, TA and TU rotate as a common block and 
a direct gear speed is retained. 

Transmission State 6th Gear Speed 

[0057] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the brake B1 and the 
clutches K2 and K3 are engaged, as a result of Which all 
three component transmissions TE, TA and TU are con 
nected to one another to form a linkage, With a securely 
braked central gear SE Which steps up the drive of the 
coupled central gears SA and SU to a higher degree, and thus 
steps up the drive of the output shaft A to a loWer degree 
compared to the input shaft E. 

[0058] For the embodiments according to FIG. 3 and FIG. 
6, the engaged state of the brake B1 and of the clutch K2 
according to the table in FIG. 4, and the rotationally ?xed 
coupled connection VUF of the central gears SA and SU in 
turn cause all three component transmissions TE, TA and TU 
to be connected to form a single linkage in Which the 
securely braked reaction element SE steps up the drive of the 
central gears SA and SU to a higher degree, and respectively 
steps up the drive of the output shaft A to a loWer degree, 
compared to the input shaft E. 

Transmission State 7th Gear Speed 

[0059] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the brake BN and the 
clutches K2 and K3 are engaged so that all three component 
transmissions TE, TA and TU are connected to form a single 
linkage in Which the securely braked secondary central gear 
NHE steps up to an even greater degree the drive of the 
central gears SA and SU Which are coupled ?xed in terms of 
rotation, and to a loWer degree steps up the drive of the 
output shaft A, in each case compared to the input shaft E. 

[0060] According to the table in FIG. 4, for the embodi 
ments in FIG. 3 and FIG. 6 the brake BN and the clutch K2 
are engaged. The function of the engaged state of the clutch 
K3 in FIGS. 1 and 5 is assumed in this case by the 
rotationally ?xed coupling VUF of the central gears SA and 
SU so that here too all three component transmissions TE, 
TA and TU are connected to one another to form a common 

linkage in Which the securely braked secondary central gear 
NHE as a reaction element steps up the respective drive of 
the central gears SA and SU to an even greater extent and 
that of the input shaft A to a lesser extent, compared to the 
input shaft E. 

Transmission State Reverse Gear Speed R1 

[0061] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the brakes B1 and BR 
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and the clutch K3 are engaged so that the tWo component 
transmissions TA and TU are connected to one another again 
to form a common linkage With a securely braked planet 
carrier PTU, upstream of Which the input-end component 
transmission Which has been changed to its static transmis 
sion ratio is connected in series in the How of force. The 
static transmission ratio in turn results in a high gear speed 
transmission ratio While the effective reaction element PTU 
in the linkage imparts the opposite direction of rotation of 
the coupled central gears SA and SU Whose rotational speed 
is someWhat reduced again in the output-end component 
transmission TA for the output shaft A. 

[0062] According to the table in FIG. 4, for the embodi 
ments according to FIGS. 3 and 6 only the brakes B1 and 
BR are disengaged, With the function of the engaged state of 
the clutch K3 in FIG. 1 being in turn ful?lled here by the 
coupling shaft VUF so that the tWo component transmis 
sions TA and TU are connected to one another to form a 
common linkage With the securely braked planet carrier 
PTU as reaction element, upstream of Which the input-end 
component transmission TE Which has been changed to its 
static transmission ratio With the securely braked central 
gear SE is connected in series in the How of force. The static 
transmission ratio imparts a high gear speed transmission 
ratio, While the engaged reverse gear speed brake BR is the 
cause of the opposite direction of rotation of the coupled 
central gears SA and SU Whose rotational speed is someWhat 
reduced again in the output-end component transmission TA 
for the output shaft A. 

Transmission State Reverse Gear Speed R2 

[0063] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the clutches K1 and 
K3 and the reverse gear speed brake BR are engaged. In this 
Way, the input-end component transmission TE rotates as a 
closed block With the component transmission ratio 1:1, 
doWnstream of Which the linkage Which is formed from the 
tWo other component transmissions TA and TU With the 
securely braked planet carrier PTU as reaction element is 
arranged in series in the How of force. The component 
transmission ratio 1:1 supplies a loWer gear speed transmis 
sion ratio, While the engaged brake BR imparts the opposite 
direction of rotation of the coupled central gears SA and SU 
Whose rotational speed is someWhat reduced again in the 
output-end component transmission TA for the output shaft 
A. 

[0064] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 the clutch K1 and the 
reverse gear speed brake BR are engaged. The function of 
the engaged state of the clutch K3 according to FIG. 1 is 
also ful?lled in this case by the coupled connection VUF. As 
a result, the input-end component transmission TE rotates as 
a closed block With the component transmission ratio 1:1, 
doWnstream of Which the linkage Which is formed from the 
tWo other component transmissions TA and TU With the 
securely braked planet carrier PTU as reaction element is 
arranged in series in the How of force. The component 
transmission ratio 1:1 supplies a loWer gear speed transmis 
sion ratio, While the engaged brake BR imparts the opposite 
direction of rotation of the coupled central gears SA and SU 
Whose rotational speed is someWhat reduced again in the 
output-end component transmission TA for the output shaft 
A. 
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Transmission State Reverse Gear Speed R3 

[0065] According to the table in FIG. 2, the brakes BN 
and BR and the clutch K3 are engaged. Accordingly, the tWo 
component transmissions TA and TU are connected to one 
another to form a linkage With the securely braked planet 
carrier PTU as reaction element, upstream of Which the 
input-end component transmission TE Which is shifted into 
a static transmission ratio With the securely braked reaction 
element NHE is arranged in series in the How of force. The 
secondary central gear NHE as reaction element is the cause 
in this case of the highest transmission ratio of the three 
reverse gear speeds R1 to R3, While the engaged brake BR 
imparts the opposite direction of rotation of the coupled 
central gears SA and SU Whose rotational speed is someWhat 
reduced again in the output-end component transmission TA 
for the output shaft A. 

[0066] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 only the brakes BN 
and BR are engaged, With the function of the engaged state 
of the clutch K3 in FIG. 1 being in turn ful?lled in this case 
by the coupling shaft VUF. Accordingly, the tWo component 
transmissions TA and TU are connected to one another to 
form a linkage With the securely braked planet carrier PTU 
as the reaction element upstream of Which the input-end 
component transmission TE Which is changed to a static 
transmission ratio With securely braked secondary central 
gear NHE as reaction element is arranged in series in the 
How of force. The securely braked secondary central gear 
NHE is the cause of a very high gear speed transmission 
ratioithe highest of the three reverse gear speeds, While the 
securely braked planet carrier PTU generates the opposite 
direction of rotation of the coupled central gears SA and SU 
Whose rotational speed is someWhat reduced again in the 
output-end component transmission TA for the output shaft 
A. 

For Connecting the Transmission Components: Second Sub 
group With Torque Converter 12 

[0067] According to FIGS. 1 and 3, the hydrodynamic 
torque converter 12 is connected upstream of the component 
transmission 11. In the former, an engine shaft 15 has a drive 
connection to a pump Wheel 16. From the pump Wheel 16 the 
drive torque is transferred to a turbine Wheel 20 via hydro 
dynamic coupling and With intermediate connection of a 
stator 19 Which is supported by means of a free-Wheel 17 
With respect to a housing 18, said turbine Wheel 20 having 
a drive connection to the input shaft E. The hydrodynamic 
torque converter 12 Which is formed With the pump Wheel 
16, free-Wheel 17, stator 19 and turbine Wheel 20 preferably 
has a torque converter lockup clutch 21 by means of Which 
the engine shaft 15 can be connected directly to the input 
shaft E in partial operating ranges. In addition, a torsion 
damper unit and/or a vibration (damper) unit may be pro 
vided in the hydrodynamic torque converter 12. 

For Connecting the Transmission Components: First Sub 
group With Hybrid Set 13 

[0068] According to FIGS. 5 and 6, the How of force from 
the engine shaft 15 passes into the hybrid set 13 via a torsion 
damper 30 and a clutch module KM, arranged doWnstream 
of the latter in series connection, to the input shaft E. 
[According to an alternative embodiment (not illustrated) 
the torsion damper 30 is connected doWnstream of the clutch 
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module KM, in particular a Wet starting clutch]. The drive 
train 10 has a ?rst electric drive unit 31 and a second electric 
drive unit 32. The ?rst electric drive unit 31 has a stator 33 
Which is ?xed to the housing and interacts With the rotor 34 
in order to generate a drive torque and/or to recover elec 
trical energy. The rotor 34 is connected ?xed in terms of 
drive to the input side of the torsion damper 30 or of the 
engine shaft 15 so that by means of the ?rst electric drive 
unit 31 it is possible to feed a torque into the drive train 10 
in addition to the internal combustion engine or else a torque 
Which is present in the drive train 10 can be used (at least 
partially) to recover electrical energy. 

[0069] The second electric drive unit 32 has a stator 35 and 
a rotor 36. The stator 35 is connected ?xed to the housing, 
While the rotor 36 has a drive connection to an intermediate 
shaft 37 Which has tWo clutches KE, KG. The intermediate 
shaft 37 can be connected directly to the input shaft E by 
means of the clutch KE. 

[0070] According to the exemplary embodiments illus 
trated in FIGS. 5, 6 and 7, the intermediate shaft 37 can be 
connected directly to the sun gear SE of the component 
transmission TE by means of the clutch KG. 

[0071] The electric drive units 31, 32 are fed from at least 
one battery (not illustrated in the ?gures). The Way in Which 
the electric drive units 31, 32 are acted on and operated is 
determined by a suitable open-loop or closed-loop control 
device (also not illustrated). The open-loop control device 
acts on or interacts With a further open-loop control device 
for clutches and brakes of the drive train. Interaction With 
other closed-loop control devices, in particular for the inter 
nal combustion engine, is also possible. In the abovemen 
tioned open-loop control devices, operating parameters of 
the drive train, driver-speci?c parameters Which are sensed 
in particular by a driver type detection and ambient param 
eters are taken into account. 

[0072] FIG. 7 shoWs a structural embodiment of a drive 
train 10 With a hybrid set 13 and part of the component 
transmission 11. The hybrid set 13 is formed here With a 
housing Which has a ?rst housing part 40 and a second 
housing part 41. The engine shaft 15 projects into an interior 
space in the ?rst housing part 40. By means of a disk 42 the 
engine shaft 15 is ?tted in the end area With the rotor 34 
Which lies radially on the outside and is attached to said disk 
42. The rotor 34 and disk 42 are constructed With an L shape 
in the illustrated half section. The stator 33, Which is 
supported on a cylindrical inner Wall of the ?rst transmission 
part 40 (cf. FIG. 7 above the longitudinal axis 43-43) is 
arranged radially on the outside of the rotor 34 given 
approximately complete axial congruence. Accordingly, the 
?rst electric drive unit 31 is embodied as an internal rotor. 
In contrast, the ?rst electric drive unit 31 may be embodied 
as an external rotor (cf. FIG. 7 beloW the longitudinal axis 
43-43). According to this alternative con?guration, the disk 
42 has a U-shaped projection 44 Which is oriented in the 
direction of the longitudinal axis 43-43 in the radially outer 
area, With one side limb of the U-shaped projection 44 being 
connected to the disk 42 in the end area, and the other side 
limb being ?tted With the rotor 34 or being formed by the 
rotor 34. For this embodiment, the stator 33 is arranged on 
the inside betWeen the side limbs of the projection 44 and 
supported in the axial direction on a Wall of the ?rst housing 
part 40 Which is arranged adjacent to the internal combus 
tion engine and oriented radially. 
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[0073] Furthermore, an internal housing 45 Which is in the 
form of an outer casing in the cross section illustrated in 
FIG. 7 is connected to the engine shaft 15. The internal 
housing 45 has radially internal projections 46, 47 Which are 
coaxial With respect to the longitudinal axis 43-43 and point 
aWay from one another, With the projection 46 being accom 
modated in the engine shaft 15 and the projection 47 Which 
faces aWay from the internal combustion engine forming a 
bearing point of the internal housing 45 With respect to the 
?rst housing part 40. The torsion damper 30 and the clutch 
module KM are accommodated in the internal housing 45. 
The internal housing 45 has an outer casing face 48 to Which 
the input side 49 of the torsion damper 30 Which is embodied 
in one or more stages is connected radially on the inside. An 
output side 50 is connected ?xed in terms of rotation to an 
internal lamina carrier 51 of the clutch module KM Which 
interacts in a manner knoWn per se With an external lamina 
carrier 52. What is referred to as a “?ex plate” is preferably 
arranged betWeen the internal housing 45 and the engine 
shaft 15. The internal lamina carrier 51, external lamina 
carrier 52 and torsion damper 30 are arranged axially one 
doWnstream of the other given identical radial dimensions, 
in such a Way that the torsion damper 30 is arranged on the 
side of the clutch module KM facing aWay from the internal 
combustion engine. 

[0074] The external lamina carrier 52 is connected to the 
input shaft E via a suitable shaft-hub connection. The input 
shaft is preferably supported radially on the inside of the 
engine shaft 15 or of the internal housing 45. The torsion 
damper 30, clutch module KM, part of the input shaft E, the 
shaft-hub connection and the internal housing 45 are 
arranged radially on the inside of the rotor 34 and stator 33. 
On the side of the internal housing 45 facing aWay from the 
internal combustion engine, the input shaft has a drive 
connection With a mechanical pump 53. The mechanical 
pump 53 is supported here With respect to the ?rst housing 
part 40. The mechanical pump 53 is preferably arranged (at 
least partially) radially on the inside of the rotor 34 and 
stator 33 or of the internal housing 45 or the torsion damper 
30 for reasons of installation space. 

[0075] On the side facing aWay from the internal combus 
tion engine, the ?rst housing part 40 is connected to the 
second housing part 41, in particular screWed With a seal. 
The input shaft E extends from the interior space in the ?rst 
housing part 40 into the second housing part 41 and on into 
the interior space in the component transmission 11. The 
input shaft E is surrounded by the intermediate shaft 37 
Which is formed as a holloW shaft. The intermediate shaft 37 
is ?tted With the rotor 36 of the second electric drive unit 32 
by means of a radial disk-shaped carrying body 54 Which is 
securely connected to said intermediate shaft 37. The second 
electric drive unit 32 is constructed here in such a Way that 
it corresponds to the ?rst electric drive unit 31 as an internal 
rotor or as an external rotor, cf the corresponding illustra 
tions in FIG. 7 above and beloW the axis 43-43, respectively. 

[0076] The intermediate shaft 37 has, on the side facing 
aWay from the carrying body 54, a cross-sectional extension 
Which forms a cylindrical internal lamina carrier 55. The 
internal lamina carrier 55 is ?tted both with internal laminas 
of the clutch KE and With internal laminas of the clutch KG. 
The clutches KE, KG are arranged axially closely adjacent 
to one another given comparable radial design. For the 
clutch KE, the internal laminas Which are assigned to the 
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internal lamina carrier 55 interact With corresponding exter 
nal laminas Which are mounted ?xed in terms of rotation 
opposite an external lamina carrier 56. The external lamina 
carrier 56 is connected to the input shaft E so as to be ?xed 
in terms of rotation, in particular by means of a suitable 
shaft-hub connection. 

[0077] The second housing part 41 forms, With an internal 
shoulder, a holloW-cylindrical internal housing 57 Which is 
?xed to the housing and Which the input shaft E and the 
intermediate shaft 37 penetrate. The external casing face of 
the internal housing 57 serves preferably to mount the rotor 
36 or to support the stator 35. The clutches KE, KG, the 
internal housing 57 and the lamina carriers 55, 56 are 
preferably arranged radially on the inside of the second 
electric drive unit 32. 

[0078] BetWeen the carrying body 54 and the mechanical 
pump 53 there is an oil pump motor 60 With a drive 
connection to a pump 59 by means of a further intermediate 
shaft 58 Which is embodied as a holloW shaft. The oil pump 
motor 60 is arranged essentially radially on the inside of the 
second electric drive unit 32 and is supported on an end Wall 
of the ?rst housing part 40. The pump 59 is supported on the 
same end Wall of the second housing part 41 or on an insert 
into it. The intermediate shaft 58 is mounted radially on the 
inside of the intermediate shaft 37 or radially on the outside 
of the housing part 40. A hydraulic pressure can be built up 
by means of the oil pump motor 60 independently of the 
operation or rotational speed of the internal combustion 
engine or of the input shaft E. For example, in this Way a 
pressure can be applied for the ?rst time to close the clutch 
KM. The tWo pumps 53, 59 are preferably con?gured in 
different Ways so that, for example, the pump 53 is used for 
basic supply While the pump 59 is used to ensure require 
ments Which are different from the basic supply. 

[0079] The external laminas of the clutch KG interact With 
internal laminas Which are connected ?xed in terms of 
rotation to a holloW shaft 70. The holloW shaft 70 starts from 
the clutch KG and passes into the second housing part 41 in 
the direction of the component transmission 11. In the end 
area lying opposite the clutch KG, the holloW shaft 70 is 
connected ?xed in terms of drive to the sun gear SE. 
Furthermore, according to the statements relating to FIG. 5 
the holloW shaft 70 is operatively connected With the brake 
B1 and the clutch K1. Moreover, the further components of 
the component transmission 11 correspond to the con?gu 
ration illustrated in FIG. 5 and described in the assigned 
description. 

Operating States 

A) Stationary State of the Vehicle 

[0080] For an “o?‘” state, the selector lever is in the 
position “N” or “P”. For a sWitched-olf internal combustion 
engine and deactivated electric drive units 31, 32, KM, KE, 
KG, K1, B1, BN are in the nonactivated state. 

[0081] For a Warm start of the internal combustion engine, 
it is cranked by means of the ?rst electric drive unit 31, 
Which in this case outputs poWer. The rotational speed of the 
internal combustion engine is betWeen Zero and the idling 
speed. The selector lever is in the position “N” or “P”. The 
clutches and brakes KM, KE, KG, K1, B1, BN are in the 
nonactivated state. 
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[0082] For a cold start of the internal combustion engine, 
it is cranked by means of a combination of the electric drive 
units 31, 32, With the electric drive units 31, 32 outputting 
poWer. The rotational speed of the internal combustion 
engine and thus of the second electric drive unit 32 is 
betWeen Zero and the idling speed. For this operating state, 
the clutches KM, KE are closed, While clutches and brakes 
KG, K1, B1 and BN are not activated. In this case, the pump 
59 runs With a rotational speed greater than Zero. 

[0083] For an extreme start of the internal combustion 
engine, the tWo electric drive units 31, 32 act on the internal 
combustion engine, With the pick off gear unit TE being 
intermediately connected in this case in such a Way that the 
output torque of the second electric drive unit 32 is made 
larger in the direction of the internal combustion engine. The 
second electric drive unit 32 is operated for this operating 
state With a higher rotational speed of the internal combus 
tion engine, given by the transmission ratios, in particular 
With tWice the rotational speed. Such an extreme start takes 
place in the selector lever position “P”, the clutches and 
brakes KM, KG, K3 and B2 being closed While clutches and 
brakes KE, K1, B1, BN are deactivated. In this case also, the 
pump 59 is operated With a rotational speed greater than 
Zero. 

B) Conventional Operation Exclusively With Internal Com 
bustion Engine 

[0084] For a stationary vehicle and selector lever position 
“N”, the clutches and brakes KM, KE, KG, K1, B1, BN are 
deactivated While the pump 59 is operated With a rotational 
speed greater than Zero. 

[0085] In this state, a temporary drive or Warming-up 
support may be provided in the case Where the ?rst electric 
drive unit 31 is energiZed in such a Way that it supplies a 
supportive torque. 

[0086] For a stationary vehicle and selector lever position 
“D”, in contrast to the comparable state in “N”, the brake BN 
is activated. In this state also, a drive or Warming-up support 
is possible by energiZing the ?rst electric drive unit 31. 

[0087] If a star‘t/ stop function is provided, the pump 59 can 
be operated With a rotational speed greater than Zero With a 
pressure of 2.5 bar given a stationary vehicle and selector 
lever position “D” With preselection of the ?rst gear speed 
Without acting on the electric drive units 31, 32 When the 
brake BN is activated and the brakes and clutches KM, KE, 
KG, K1, B1 are deactivated. 

[0088] For starting and for the gear speeds 2 to 7 and for 
driving in the reverse gear speeds R1 to R3 it is possible to 
supply a supplementary torque by suitable energiZation of 
the electric drive unit 31 or else to recover energy in a 
generator operating mode of the electric drive unit 31. This 
takes place in particular during a normal driving mode or 
during a braking phase of the motor vehicle. In the above 
mentioned driving states, the selector lever is in the positions 
“D” or “R”, While the second electric drive unit 32 is 
deactivated. The clutch KM is activated, While the clutches 
KE, KG are deactivated. The position of the clutches and 
brakes K1, B1, BN can be found in the statements relating 
to the shifting of the component transmission 11 in order to 
implement the individual gear speeds, see above. 
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[0089] When the clutches KE, KG are opened, the drag 
losses of the second electric drive unit 32 can be kept loW 
since the latter is coupled only to the drive train When 
absolutely necessary. 

C) Dual Operation of the Internal Combustion Engine With 
the Second Electric Drive Unit 

[0090] For a stationary vehicle With the selector lever 
position “N”, the internal combustion engine runs at the 
idling speed While the clutches and brakes KM, KE, KG, K1, 
B1, BN are deactivated. 

[0091] For starting and driving in the gear speeds 2 to 7 
and reverse gear speeds R1 to R3, the rotational speed of the 
second electric drive unit 32 corresponds to the rotational 
speed of the input shaft E. An additional torque can be fed 
in by means of the ?rst and second electric drive units 31, 
32. Alternatively, an electric drive unit 31, 32 or both drive 
units can be operated in the generator operating mode in 
order to recover energy. For all the abovementioned gear 
speeds, the clutches KM, KE are activated While the clutch 
KG is deactivated. The state of the clutches and brakes K1, 
B1, BN results from the operating mode of the component 
transmission 11, see above. 

D) Dual Operation of the Internal Combustion Engine With 
the Second Electric Drive Unit Including Ensuring a Geared 
Neutral Function 

[0092] In this state, a stationary state of the vehicle is 
ensured by virtue of a geared neutral function. In this state, 
the internal combustion engine is operated With a rotational 
speed Which is greater than or equal to the idling speed. The 
electric drive unit 31 can then supply a positive or negative 
output torque. In this state, the rotational speed of the second 
electric drive unit 32 rotates at a rotational speed corre 
sponding to the geared neutral point. The output torque of 
the second electric drive unit is in a ?xed ratioipredeter 
mined by the geometric conditions of the planet set 
10*W1Ih the torque Which is applied to the planet set on the 
input shaft E by the internal combustion engine and the ?rst 
electric drive unit 31 via the ring gear HE. While the 
clutches KM and KG are activated, the clutches and brakes 
KE, K1, B1, BN are deactivated. The rotational speed, 
necessary for the geared neutral point, of the second electric 
drive unit 32 is obtained from the ratio of the diameter of the 
sun gear SE to the diameter of the ring gear HE. 

[0093] Given an unchanged position of the clutches and 
brakes, forWard travel or reverse travel is obtained for a 
reduction or increase in the rotational speed of the second 
electric drive unit. 

[0094] The rotational speed potential and torque potential 
Which results from this at the output of the transmission can 
be inverted qualitatively by applying the brake BR, as a 
result of Which higher torques occur at negative velocities. 
The reverse gear speed With its transmission ratio is then 
included as a constant in the generation of the rotational 
speed and torque. 

e) Electric Driving 

[0095] For a deactivated internal combustion engine and 
deactivated ?rst electric drive unit 31, the drive train can be 
operated exclusively by means of the second electric drive 
unit 32. 
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[0096] For a stationary vehicle With selector lever position 
“N”, the clutches KM, KG, K1, B1, BN are deactivated, 
While the clutch KE is activated or deactivated. 

[0097] Starting and driving in the gear speeds 2 to 7 and 
reverse gear speeds R1 to R3 is carried out by suitable 
energiZation of the second electric drive unit, With the latter 
either supplying a drive torque or feeding poWer to a battery 
in the generator operating mode. For these driving states, the 
selector lever is in the positions “D” or “R”, While the 
clutches KM, KG are deactivated and the clutch KE is 
activated. The position of the clutch K1 and of the brakes 
B1, BN results from the shift states of the component 
transmission 11 in the respective gear speeds, see above. 

[0098] Identical or comparable driving states of the motor 
vehicle can be achieved in various Ways by means of the 
abovementioned, different operating states of the drive train 
10. A suitable operating state for a desired driving state is 
selected, for example, by means of a characteristic diagram 
Which includes, for example, ef?ciency levels, poWer bal 
ances, achievable acceleration values or the like. A suitable 
operating state can be selected, for example, according to an 
operating strategy Which is prede?ned a priori. Alternatively 
or additionally it is possible to monitor individual operating 
variables of the drive train such as operating temperatures of 
drive units 31, 32 or clutches and brakes so that When a 
limiting value of an operating temperature is exceeded a 
clutch can be deactivated by changing an operating state of 
the drive train so that said clutch or an assigned drive unit 
is relieved of loading. Alternatively or additionally the 
charge state of a battery Which serves to energiZe the drive 
units 31, 32 can be taken into account in the selection of the 
operating state. 

[0099] The illustrated drive train 10 permits a hybrid 
operating mode With seven forWard gear speeds Which are 
present in addition to the hybrid drive, and With three 
possible reverse gear speeds, ensuring high transmissible 
output torques. The clutch KM may be a dry or Wet clutch 
With partial or full starting functionality. Alternatively, the 
clutch KM can be given smaller dimensions by means of the 
con?guration according to the invention since the clutch KM 
is subject (at least at certain times) to less stress for the 
different possible starting operating states and the electrical 
support of the drive train doWnstream of the clutch KM. If 
the clutch KM is overloaded, it can be relieved of loading by 
means of an electric drive unit by starting Without this clutch 
KM. 

[0100] When the second electric drive unit 32 and the 
internal combustion engine are operating simultaneously, in 
the ?rst driving range an in?nitely variable transmission 
ratio to the output element VE is ensured for the gear speeds 
1 to 3, the stationary state of the vehicle and the reverse 
travel [or an output to the output element VE and to the 
central gear HA for the gear speeds 4 to 7]. In other 
operating states, the second electric drive unit 32 can be 
decoupled selectively so that an unnecessary drag poWer can 
be minimized or avoided. 

[0101] The second electric drive unit 32 is preferably a 
high-torque sloW rotor, While the ?rst electric drive unit 
supplies a comparatively loW torque at high rotational 
speeds. 
[0102] The drive train 10 has tWo different poWer 
branches, in particular for operating the second electric drive 



US 2006/0276287 A1 

unit 32, said power branches being different for different 
shift states of the clutches KE, KG. 

[0103] For a closed clutch KE, the ?rst power branch With 
the torque of the internal combustion engine passes via the 
engine shaft 15 and the torsion damper 30 as Well as the 
clutch KM, if appropriate With exchange of poWer With the 
?rst electric drive unit 31. The second poWer branch runs via 
the second electric drive unit 32, the carrying body 54 and 
the intermediate shaft 37. In the ?rst operating position, the 
tWo poWer branches are joined via the clutch KE so that the 
application of torque to the input shaft E, Which is connected 
doWnstream in the How of force, results from the superim 
position of the drive torques of the ?rst and second poWer 
branches. OWing to the closed clutch KE, the rotational 
speeds of the input shaft E, intermediate shaft 37, carrying 
body 54, clutch KM, if appropriate ?rst electric drive unit 
31, engine shaft 15 and of the internal combustion engine. 

[0104] In a second operating position, the ?rst poWer 
branch runs from the internal combustion engine via the 
engine shaft, the torsion damper 30, the clutch KM, the input 
shaft E, if appropriate With an exchange of poWer With the 
?rst electric drive unit 31, While the second poWer branch 
runs from the second electric drive unit 32 via the carrying 
body 54, the intermediate shaft 37 and the clutch KG. The 
tWo poWer branches are superimposed in the component 
transmission TE, speci?cally the pick olf gear unit Which is 
constructed With a planet set With a double planet gear and 
in Which the ring gear HE is coupled ?xed in terms of drive 
to the ?rst poWer branch, and the sun gear SE is coupled 
?xed in terms of drive to the second poWer branch. OWing 
to the joining by the pick olf gear unit, the ?rst poWer branch 
and the second poWer branch can be operated at different 
rotational speeds. 

[0105] The con?guration according to the invention can 
particularly advantageously be used to obtain a modular 
method of construction for drive trains of different designs: 

[0106] Accordingly, a ?rst subgroup of drive trains con 
tains features corresponding to the embodiment in FIG. 5, 
While a second subgroup of drive trains contains features 
according to the drive train in FIG. 1. 

[0107] Alternatively or additionally, a subgroup can be 
con?gured in accordance With features from FIG. 6 and/or 
a subgroup can be con?gured in accordance With features 
from FIG. 4. For such a con?guration, an identical con?gu 
ration for the component transmission 11 is obtained on the 
output side of the imaginary plane of intersection 80-80. 
Only the interface of the pick olf gear unit or component 
transmission TE With the plane of intersection 80-80 has to 
be con?gured differently for the subgroups. While according 
to FIG. 1 the sun gear SE is connected only to the brake B1 
and to the clutch K1, and thus does not have an interface 
With the plane of intersection 80-80, the holloW shaft 70 for 
the con?guration according to FIG. 5 from the plane of 
intersection 80-80 is to be added to the connection of the 
clutch KG. On the other hand, according to FIG. 1 the Web 
PTE is to be connected ?xed to the housing via a free-Wheel 
F1, While according to FIG. 5 a connection of the Web PTE 
?xed to the housing is not necessary. 

[0108] A planet set, present in any case, of the component 
transmission 11, speci?cally the component transmission 
TE, can be used to implement the hybrid set 13. It is 
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particularly advantageous if the axial overall length of the 
hybrid set 13 corresponds approximately to the axial overall 
length of the torque converter 12 so that the drive trains of 
different subgroups can be used in identical installation 
spaces. Alternatively, the second housing part 41 has 
approximately the axial overall length of the torque con 
verter 12. 

[0109] There is preferably a third subgroup of drive trains 
in Which, instead of the hybrid set 13, a (dry or Wet) starting 
clutch is used. The abovementioned starting clutch or the 
torque converter 12 is arranged in particular in the areas, or 
radially on the inside of areas, in Which the ?rst and/or 
second electric drive unit 31, 32 is arranged for the ?rst 
subgroup. 
F) In?nitely Variable Driving Mode With Two Different 
Driving Mode Ranges 

[0110] According to a further proposal of the invention, an 
in?nitely variable transmission ratio With tWo driving ranges 
is made possible. The in?nitely variable transmission ratio is 
brought about here in particular by superimposition of the 
drives 

[0111] by means of the second electric drive unit 32 and 

[0112] by means of the drive unit or the internal com 
bustion engine Which has a drive connection to the 
engine shaft 15, and/or by means of the ?rst electric 
drive unit 31 

via the planet gear component transmission TE, With the 
torque being transferred to the component transmission 
TA in a ?rst driving range via the output element VE, 
and in a second driving range via the output element 
VE, the clutch K2 and the central gear HA. 

[0113] For the exemplary embodiment according to FIGS. 
5-7, in a ?rst driving range the shifting elements KG, B2, K3 
(as Well as any driving element assigned to the engine shaft 
15) are closed. In this driving range, When the external 
central gear HU is driven and the internal central gear SU is 
?xed to the housing, force is transmitted from the output 
element VE via the planet gear reversal component trans 
mission TU to the planet carrier PTU Which has a drive 
connection to the output shaft A via the drive connection VA 
and the planet gear component transmission TA, With the 
drive connection VA being connected to the external central 
gear HA, the internal central gear SA being ?xed to the 
housing and the output shaft being connected ?xed in terms 
of rotation to the planet carrier PTA. 

[0114] The ?rst driving range is preferably assigned to 
velocities of —x above Zero to +x, With the reverse speed 
being capable of being limited by the open-loop control 
device. Speeds of (-75 km/h)—30 km/h to +75 km/h are 
preferably assigned to the ?rst driving range. The maximum 
output torque is limited by one of the tWo abovementioned 
units depending on the con?guration of, and interplay 
betWeen, the electric drive unit and the drive unit, and is, for 
example, 1300 Nm, in particular in the range between 10 
km/h and 40 km/h. The limiting values of the transmission 
ratio are in particular —0.65 and +0.58 depending on the 
engine speed, With the limiting values being capable of 
being reduced in the partial load range. 

[0115] For the exemplary embodiment according to FIGS. 
5-7, in a second driving range the shifting elements KG, K2, 
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K3 (and any starting element assigned to the engine shaft 15) [0126] When drive is being provided by means of the 
are closed. In this driving range, When the external central internal combustion engine, the energy is fed back into 
gear HU is driven force is transmitted from the output a battery by means of the ?rst and/or second electric 
element VE via the planet gear reversal component trans- drive unit in order to recover energy, for example in 
mission TU. The internal central gear SU is connected ?xed order to recharge the battery. 
in terms of rotation to the internal central gear SA of the 
planet gear partial transmission TA via the clutch K3. The 
planet carrier PTU is connected via the drive connection VA 
to the external central gear HA Which is also connected ?xed 
in terms of rotation to the input shaft E via the clutch K2. 
The planet carrier PTA is connected ?xed in terms of 
rotation to the output shaft A. 

[0127] In partial operating ranges it is also possible for 
drive to be provided by means of the internal combus 
tion engine and an electric drive unit, in particular the 
?rst electric drive unit, this electric drive unit being fed 
at least partially by the other electric drive unit used in 
the generator operating mode, in particular by the 
second electric drive unit. This saves the battery and/or 

[0116] The second driving range is preferably assigned to permits longer operation When the battery is used. 
relatively high velocities (for example of approximately 40 
km/h to +300 km/h). The maximum output torque is loWer 
than in the ?rst driving range, for example 440 Nm in the 
range betWeen 50 km/h and 250 km/h. The limiting values 
of the transmission ratio are dependent on the engine speed, 
for example —l.7 and +0.34, With smaller transmission ratios 
than in the in?nitely variable operating mode being possible 
as a function of the rotational speeds of the drive units. 

[0128] Further possible operating modes are starting an 
internal combustion engine, in particular alternatively or 
cumulatively by means of the ?rst electric drive further 
possible operating mode relates to the use of the second 
and/or ?rst electric drive unit (31, 32) for recovering energy 
or feeding back energy into a battery. Other possible oper 
ating modes result from the previously illustrated operating 
states a) to e). 

[0117] In the second driving mode range, there is in 
particular reduced torque loading of the electric drive units 
31, 32. The overall transmission ratio of the transmission 
extends to overdrive ranges of 0.4 and beloW. 

[0129] Individual operating modes are selected according 
to a driving strategy Which is stored in particular in a suitable 
control unit. The driving strategy here includes in particular 
selection of an operating mode according to 

[0118] SWitching over betWeen the tWo driving ranges 
occurs if the rotational speed of the input shaft E and the [0130] a Charge State of a battery 

second electric drive unit 32 have the same rotational speeds [0131] at least one environmental parameter such as a 
in the tWo driving ranges. This corresponds here in particular gradient, a geodetic height, a temperature or the like, 
to the transmission ratio of the gear speed Which is illus- _ 
trated With open shifting elements B1, BN and K1. For such [0132] a Vehlcle parameter Such as’ for example’ a load 

state, an operating temperature or an operating period 
of the drive train or of a drive unit, an operating 
temperature or an operating frequency or a Wear state 
of a starting element, a clutch or a brake, 

a change from one driving range into the other driving range 
there is no need for acceleration or deceleration of the inert 
masses, While at least the torque of the second electric drive 
unit 32 is changed absolutely and its direction changes. 

[0119] For the driving mode, individual operating modes [0133] at least one movement variahle Such as the 
of the drive train are made possible, and these operating Vehlele Speed or the Vehlele accelerat1on, 

modes. can be used entirely or only Pans of the individual [0134] at least one variable Which is dependent on a 
operat1ng modes can be used. The dr1ve tra1n is preferably driver Such as activation of a pedal (acceleration 
used ’ request, brake pedal), manual activation (manual selec 

tion of different transmission programs) and/or a driver [0120] as an in?nitely variable automatic transmission, _ _ _ 
type Which is determined, With in each case one gear speed constituting one 

Operating mode’ [0135] a characteristic diagram Which contains, for 
example, degrees of ef?ciency, poWer balances, achiev [0121] as an in?nitely variable transmission in a ?rst _ _ 
able accelerat1on values or the l1ke, driving range, 

[0136] an operating strategy Which is prede?ned a [0122] as an in?nitely variable transmission in a second priori 
driving range. 

[0123] Further possible operating modes are made pos- and/Or 
Sible according to the invention as follows? [0137] emission values (internal combustion engine or 

[0124] In partial operating ranges With maximum poWer catalync Converter Cold/Warm)’ 

dehlahth drive is Provided by means _of the internal in Which case the abovementioned in?uencing parameters 
combustion eng1ne, the ?rst electric dr1ve un1t and the may be a Current parameter, Chronologically previous 
Second eleCIrlC dr1ve 11I11t- parameters and/ or an averaged parameter. 

[0125] In partial operating ranges in Which there is 
neither an increased poWer demand nor is there a need 
for energy to be recovered by means of the electric 
drive units, drive is provided exclusively by means of [0138] The invention relates to a drive train comprising an 
the internal combustion engine. internal combustion engine and tWo electric drive units, and 

BACKGROUND AND SUMMARY OF THE 
INVENTION 



US 2006/0276287 A1 

to a method for operating the same. Furthermore, the inven 
tion relates to a group of drive trains. 

[0139] DE 196 06 771 C2 discloses a hybrid drive for 
motor vehicles, Which has an internal combustion engine 
and tWo electric drive units. A ?rst poWer branch is provided 
betWeen an engine shaft of the internal combustion engine 
and an output element, such as an output shaft. The drive 
torque of the internal combustion engine passes via said 
poWer branch. The engine shaft can be coupled directly to 
the output shaft via a clutch. The ?rst electric drive unit 
exchanges poWer With the ?rst poWer branch in such a Way 
that the drive torque of the ?rst electric drive unit can be 
superimposed on the drive torque of the internal combustion 
engine. The second poWer branch is operated by the second 
electric drive unit. The poWer of the second drive unit is 
superimposed on the poWer of the ?rst poWer branch and 
that of the second poWer branch, that is to say the poWer of 
the internal combustion engine and, if appropriate, the 
poWer of the ?rst electric drive unit, via a pick off gear unit, 
such as a planet gear unit. According to the prior art, a sun 
gear of the pick off gear unit is connected to the engine shaft, 
While the torque of the second electric drive unit can 
optionally be transferred to tWo ring gears of the pick off 
gear unit With different diameters via tWo clutches of the 
second poWer branch. A speed-transforming transmission is 
connected betWeen the clutches and the ring gears. 

[0140] Further knoWn hybrid drives are described in, for 
example, DE 41 24 479 C2, WO 94/19856 and DE 199 16 
489 C2. 

[0141] The present invention is based on the object of 
proposing a drive train and a method for operating the same 
Which are improved in terms of combination With existing 
transmission concepts, 

[0142] different operating ranges, 

[0143] different operating strategies, 

[0144] poWer and/or torque balances and/or 

[0145] formation of groups With different drive train 
concepts. 

[0146] Furthermore, the object of the invention is to 
propose a group of drive trains Which ensures a modular 
design for subgroups of different drive trains With a high 
number of identical parts. 

[0147] The object on Which the invention is based is 
achieved in that at least tWo operating positions are provided 
in the drive train. In a ?rst operating position, the above 
mentioned poWer branches can be coupled directly to one 
another, for example by a suitable clutch. Therefore, in this 
?rst operating position, the torque of the second electric 
drive unit is directly superimposed on the drive torque of the 
internal combustion engine Without intermediate connection 
of further speed-transforming transmissions. In this operat 
ing position, a torque of the second drive unit can thus be 
added to the torque of the internal combustion engine, 
operation can take place exclusively by means of the second 
electric drive unit, energy can be recovered, for example by 
being fed into a battery or for operating the ?rst electric 
drive unit, and/or the internal combustion engine can be 
operated by the second electric drive unit during a start 
operation. 
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[0148] According to the invention, in a second operating 
position the tWo poWer branches can be coupled to one 
another via the pick off gear unit. In this context, the tWo 
poWer branches each have a drive connection to tWo trans 
mission elements (the transmission elements of the ring 
gear, planet, Web, sun gear) of the pick off gear unit. The 
output of the pick off gear unit is formed in this case by a 
third transmission element. The superimposition by the pick 
off gear unit results in a variable transmission in the direc 
tion of the output element. In this Way it is possible to 
implement, for example, What is referred to as a geared 
neutral point, represented by the output element When the 
internal combustion engine is Working and the second 
electric drive unit is Working. Furthermore, a forWard or 
backWard movement of the output element is possible 
depending on the rotational speed of the second electric 
drive unit. 

[0149] The inventive con?guration results in a con?gura 
tion of the transmission ratios and operating possibilities 
Which is improved compared to the prior art together With an 
optimum utiliZation of installation space. 

[0150] According to a further proposal of the invention, 
the transmission element Which conducts the drive torque of 
the internal combustion engine and, if appropriate, the drive 
torque of the second electric drive unit has a drive connec 
tion to a ring gear of the pick off gear unit. If the output is 
provided via a further transmission element of the pick off 
gear unit, the drive torque of the transmission element can 
easily be transmitted in the direction of the output element. 

[0151] The pick off gear unit preferably has a double 
planet gear Which has a drive connection to the abovemen 
tioned ring gear and to a second ring gear. The number of 
possible operating modes of the drive train can be increased 
by the second ring gear. 

[0152] A particularly advantageous inventive con?gura 
tion of the drive train is obtained if the output element is an 
input element of a component transmission Which is con 
nected doWnstream. This permits the inventive measures to 
be combined, for example in accordance With DE 199 10 
299 C1, With a component transmission Which is knoWn. As 
a result, advantages of the measures according to the inven 
tion can be combined With advantages of transmissions 
Which are knoWn. The con?guration according to the inven 
tion permits, in contrast With the above-mentioned prior art, 
the motor vehicle to be driven purely electrically While using 
all the gear speeds of the component transmission Which is 
connected doWnstream. Furthermore, the component trans 
missions Which are connected doWnstream can be used on 
the one hand for combination With an internal combustion 
engine and tWo electric drive units in drive trains, that is to 
say for a hybrid drive, and also likeWise for other drive trains 
Which only have, for example, one internal combustion 
engine. This permits the component transmission to be 
manufactured in large numbers for different purposes of use 
With a high proportion of identical components. 

[0153] In a method according to the invention for operat 
ing a drive train, the drive train is operated in accordance 
With the operating conditions. The operating conditions are, 
for example, an operating temperature or operating period of 
the drive train, an operating temperature or operating fre 
quency or a Wear state of a starting element, a clutch or a 
brake, a charge state of a battery, a detected driving envi 
ronment or a driver’s request. 
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[0154] Depending on the operating conditions, the internal 
combustion engine is started (in some cases) With the second 
electric drive unit sWitched off and clutches opened, by 
applying the output torque of the ?rst electric drive unit to 
the internal combustion engine. This permits, in particular, 
Warm starting of the internal combustion engine by means of 
the ?rst electric drive unit. For different operating condi 
tions, the internal combustion engine is started With clutches 
closed, by applying the output torque of the ?rst electric 
drive unit and of the second electric drive unit to the internal 
combustion engine. The torque Which is available to crank 
the internal combustion engine is thus obtained by super 
imposing the drive torques of the tWo drive units. OWing to 
the increased available torque, this operating mode is suit 
able in particular for cold starting the internal combustion 
engine. For both of the abovementioned operating modes, 
the electric drive units are fed by a vehicle battery. Further 
more it is possible to crank the internal combustion engine 
With the ?rst electric drive unit While the starting clutch is 
opened, While at the same time the motor vehicle is driven 
electrically by the second electric drive unit. 

[0155] According to a development of the method accord 
ing to the invention, depending on the operating conditions, 
the internal combustion engine is started With clutches 
closed, by applying the drive torque of the ?rst electric drive 
unit and of the second electric drive unit to the internal 
combustion engine, With the pick off gear unit being inter 
mediately connected in this case betWeen the second electric 
drive unit and the internal combustion engine. This makes it 
possible for the output torque of the second electric drive 
unit to be transmitted in the direction of the internal com 
bustion engine, permitting a further increased drag torque 
for the internal combustion engine. This operating mode is 
particularly suitable for extreme starting of the internal 
combustion engine. 

[0156] According to developments of the method accord 
ing to the invention, different partial operating ranges for the 
How of force to the output element are possible during a 
driving mode: 

[0157] In partial operating ranges With maximum poWer 
demand, drive is provided by the internal combustion 
engine, the ?rst electric drive unit and the second 
electric drive unit. 

[0158] In partial operating ranges in Which there is 
neither an increased poWer demand nor is there a need 
for energy to be recuperated by the electric drive units, 
drive is provided exclusively by the internal combus 
tion engine. 

[0159] When drive is being provided by the internal 
combustion engine, the energy is fed back into a battery 
by the ?rst and/ or second electric drive unit in order to 
recover energy, for example in order to recharge the 
battery. 

[0160] In partial operating ranges it is also possible for 
drive to be provided by the internal combustion engine 
and an electric drive unit, in particular the ?rst electric 
drive unit. This electric drive unit is fed at least partially 
by the other electric drive unit Which is used in the 
generator operating mode, in particular by the second 
electric drive unit. This saves the battery and/ or permits 
longer operation When the battery is used. 
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[0161] According to a further proposal for achieving the 
object on Which the invention is based, a group of drive 
trains is provided Which each have a transmission connected 
doWnstream of the output element, for example in accor 
dance With DE 199 10 299 C1. 

[0162] This group has different subgroups of drive trains 
of different designs. 

[0163] There is a ?rst subgroup of drive trains Which 
have a hybrid drive With an internal combustion engine 
and tWo electric drive units. 

[0164] For a second subgroup of the drive trains, a 
hydrodynamic torque converter, instead of the parts 
Which are necessary for the hybrid drive, is connected 
betWeen the internal combustion engine and the output 
element in the installation area of the ?rst and/or 
second electric drive unit (instead of said unit or units). 

[0165] This embodiment of the invention results in a 
modular design for Which the component transmission 
Which is connected doWnstream of the output element can be 
combined With a suitable front mounted module so that 
When the component transmissions are the same a hybrid 
drive and a conventional drive, in particular an automatic 
transmission With a hydrodynamic torque converter, can 
easily be provided With a large number of identical compo 
nents. 

[0166] According to one inventive development of the 
group of drive trains, there is a third subgroup for Which a 
starting clutch is intermediately connected betWeen the 
internal combustion engine and the output element in the 
installation area of the ?rst and/or second electric drive unit 
(instead of said drive unit or units). Accordingly, three 
different variants of drive trains can be provided With a 
simple modular design. For example, the third subgroup 
comprises drive trains for implementing an automatic trans 
mission With an operating behavior Which is more sporty 
compared to the second subgroup. 

[0167] One particularly advantageous group of drive 
trains is obtained if the pick off gear unit is an input-end 
planet set of the component transmission. As a result it is 
possible to further reduce the number of necessary compo 
nents needed for implementing a hybrid drive in accordance 
With the ?rst subgroup. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0168] Preferred exemplary embodiments of the drive 
trains according to the invention and subgroups of the 
inventive group of drive trains are explained in more detail 
beloW With reference to the draWings. 

[0169] FIG. 1 shoWs a drive train according to a second 
subgroup from the group of drive trains With a component 
transmission, Which is embodied as an automatic transmis 
sion, With a hydrodynamic torque converter. 

[0170] FIG. 2 is a table of the shifting means (clutches/ 
brakes) active in the individual gear speeds of the transmis 
sion in 1. 

[0171] FIG. 3 shoWs a further embodiment of a drive train 
from a second subgroup of the group of drive trains With a 
component transmission Which is embodied as an automatic 
transmission, and a hydrodynamic torque converter con 
nected upstream of it. 
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[0172] FIG. 4 is a table of the shifting means (clutches/ 
brakes) active in the individual gear speeds of the transmis 
sion according to 3. 

[0173] FIG. 5 shoWs a drive train from a ?rst subgroup of 
a group of drive trains With a component transmission Which 
is embodied as an automatic transmission, and hybrid set 
connected upstream. 

[0174] FIG. 6 shoWs a drive train according to a ?rst 
subgroup of a group of drive trains With a component 
transmission Which is embodied as an automatic transmis 
sion, and a hybrid set Which is connected upstream. 

[0175] FIG. 7 shoWs a more detailed embodiment of part 
of the component transmission and of the hybrid set Which 
is connected upstream, according to 5 or 6. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0176] Drive trains 10 according to the invention have a 
component transmission 11 Which is embodied as an auto 
matic transmission and a transmission component Which is 
connected upstream of the component transmission 11. 
According to FIGS. 1 and 3, the transmission component is 
embodied With a hydrodynamic torque converter 12, While 
according to FIGS. 5, 6 and 7 a hybrid set 13 is provided as 
the transmission component. The How of force betWeen the 
component transmission 11 and the transmission component 
12, 13 takes place by Way of an input shaft E. 

[0177] Re the Function of the Component Transmission 11 

[0178] An input-end planet gear component transmission 
TE has a planet carrier PTE on Which planet gears PE are 
rotatably mounted. An external central gear HE, Which has 
a rotationally ?xed connection to the input shaft E, meshes 
With the planet gears PE. An internal central gear SE, Which 
is connected to an engageable and disengageable frictionally 
locking brake B1 and to an engageable and disengageable 
clutch K1 also meshes With the planet gears PE. According 
to the embodiments of FIGS. 1 and 3, if appropriate in 
addition to FIGS. 5, 6 and 7, a freeWheeling clutch F1 is 
arranged in operative terms betWeen the planet carrier PTE 
and a nonrotating housing component GT and said free 
Wheeling clutch F1 is engaged When the planet carrier PTE 
is rotating in the opposite direction to the direction of 
rotation of the input shaft E. An output-end planet gear 
component transmission TA has a planet carrier PTA on 
Which planet gears PA are rotatably mounted and Which is 
provided With a rotationally ?xed drive connection to an 
output shaft A. An external central gear HA, Which is 
connected to the input shaft E by an engageable and disen 
gageable frictionally locking clutch K2 meshes With the 
planet gears PA. In addition, an internal central gear SA, 
Which is connected to an engageable and disengageable 
brake B2, meshes With the planet gears PA. 

[0179] A planet gear reversing component transmission 
TU has a planet carrier PTU on Which planet gears PU are 
rotatably mounted and Which is connected to an engageable 
and disengageable frictionally locking brake BR and is 
provided With a rotationally ?xed drive connection VA to the 
external central gear HA of the output-end component 
transmission TA. An external central gear HU, Which has a 
drive connection VE to the planet carrier PTE of the 
input-end component transmission TE meshes With the 
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planet gears PU. In addition, an internal central gear SU 
meshes With the planet gears PU. 

[0180] According to the embodiments in FIG. 1 and FIG. 
5, a drive connection VUK is provided betWeen the tWo 
internal central gears SA and SU, said drive connection 
VUK being embodied in a releasable fashion by intercon 
necting an engageable and disengagable frictionally locking 
clutch K3. 

[0181] According to the embodiments in FIG. 3 and FIG. 
6, a drive connection VUF, Which is continuously ?xed in 
terms of rotation, is active betWeen the tWo internal central 
gears SA and SU. 

[0182] All the embodiments have in common the fact that 
secondary planet gears NPE are additionally rotatably 
mounted on the planet carrier PTE and mesh both With the 
planet gears PE and With an external secondary central gear 
NHE Which is connected to an engageable and disengage 
able frictionally locking brake BN. 

[0183] Transmission State 1st Gear Speed 

[0184] For the embodiments according to FIG. 1 and FIG. 
5, the transmission state is such that according to the table 
in 2 the brake B2 and the clutch K3 are engaged and as a 
result both component transmissions TA and TU are shifted 
to a static transmission ratio With a securely braked reaction 
elementicentral gears SA and SUiand are connected in 
series in the How of force. Although this also applies to the 
input-end component transmission TE, the static transmis 
sion ratio Which is connected When the secondary central 
gear NE is securely braked is higher in said component 
transmission TE than that When the central gear SE is 
securely braked. 

[0185] Correspondingly, for the embodiments according 
to FIG. 3 and FIG. 6 the secondary central gear NHE is also 
securely braked by the brake BN, the central gears SA and 
SU are securely braked by the brake B2, and the three 
component transmissions TE, TA and TU are connected in 
series in the How of force. 

[0186] Transmission State 2nd Gear Speed 

[0187] According to the table in FIG. 2, all three compo 
nent transmissions TE, TA and TU Which are shifted to their 
static transmission ratio With the reaction element4central 
gears SE, SA and SUibraked securely, and in series With 
respect to the How of force so that the gear speed transmis 
sion ratio for the second gear speed results here from 
multiplicative connection of these three component trans 
mission ratios. 

[0188] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 all three component 
transmissions TE, TA and TU are shifted to their static 
transmission ratio With the reaction elementicentral gears 
SE, SA and SUibraked securely, and in series With respect 
to the How of force so that here, too, the gear speed 
transmission ratio for the 2nd gear speed results from 
multiplicative connection of these three component trans 
mission ratios. 

[0189] Transmission State 3rd Gear Speed 

[0190] According to the embodiments in FIG. 1 and FIG. 
5, the input-end component transmission TE is shifted to its 
component transmission ratio 1:1 and in series With the 
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component transmissions TA and TU in the How of force by 
the clutch K1, Which component transmissions TA and TU 
are respectively shifted to their static transmission ratio, as 
a result of the engaged state of the brake B2 and the clutch 
K3, are respectively shifted to their static transmission ratio 
With the reaction element (central gear SA or SU) securely 
braked and connected in series With one another in the How 
of force. Accordingly, in this case the gear speed transmis 
sion ratio results from the multiplicative connection of the 
static transmission ratios of the tWo component transmis 
sions TA and TU. 

[0191] According to the exemplary embodiments illus 
trated in FIGS. 3 and 6, oWing to the respectively engaged 
state of the clutch K1 and of the brake B2 according to the 
table in FIG. 4 the input-end component transmission TE is 
shifted to its partial transmission ratio 1:1 and connected in 
series With the component transmissions TA and TU in the 
How of force, corresponding to the transmission state for 
FIGS. 1 and 5, said component transmissions TA and TU 
being connected in series With one another in the How of 
force in their respective static transmission ratio by the 
rotationally ?xed coupling VUF of the central gears SA and 
SU When the reaction element is securely braked. Accord 
ingly, the transmission ratio also results here from the 
multiplicative connection of the static transmission ratios of 
the component transmissions TA and TU. 

[0192] Transmission State 4th Gear Speed 

[0193] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the respectively 
engaged state of the clutches K1 and K2 and of the brake B2 
cause the component transmissions TE and TU to be shifted 
to their respective transmission ratio 1:1 and the output-end 
component transmission TA to be shifted to its static trans 
mission ratio When the reaction element is securely braked, 
so that the gear speed transmission ratio results solely from 
the static transmission ratio of the output-end component 
transmission TA. 

[0194] According to the table in FIG. 4, for the embodi 
ments according to FIG. 3 and FIG. 6 the respectively 
engaged state of the clutch K2 and of the brake B2 and the 
clutch VUF of the central gears SA and SU cause the 
component transmissions TE and TU to be disconnected 
from the transmission of force, and the output-end compo 
nent transmission TA to be shifted to its static transmission 
ratio When the reaction element is securely braked, so that 
the gear speed transmission ratio results solely from the 
static transmission ratio of the output-end component trans 
mission TA. 

[0195] Transmission State 5th Gear Speed 

[0196] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the three clutches K1, 
K2 and K3 are engaged so that all three component trans 
missions TE, TA and TU rotate as a common block, and 
consequently the 5th gear speed is con?gured as a direct gear 
speed. 

[0197] According to the table in FIG. 4, for the embodi 
ments according to FIGS. 3 and 6 the tWo clutches K1 and 
K3 are engaged. The function of the engaged clutch K3 
according to FIG. 1 is assumed here again by the coupled 
connection VUF so that in this case also all three component 
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transmissions TE, TA and TU rotate as a common block and 
a direct gear speed is retained. 

[0198] Transmission State 6th Gear Speed 

[0199] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the brake B1 and the 
clutches K2 and K3 are engaged, as a result of Which all 
three component transmissions TE, TA and TU are con 
nected to one another to form a linkage, With a securely 
braked central gear SE Which steps up the drive of the 
coupled central gears SA and SU to a higher degree, and thus 
steps up the drive of the output shaft A to a loWer degree 
compared to the input shaft E. 

[0200] For the embodiments according to FIG. 3 and FIG. 
6, the engaged state of the brake B1 and of the clutch K2 
according to the table in FIG. 4, and the rotationally ?xed 
coupled connection VUF of the central gears SA and SU in 
turn cause all three component transmissions TE, TA and TU 
to be connected to form a single linkage in Which the 
securely braked reaction element SE steps up the drive of the 
central gears SA and SU to a higher degree, and respectively 
steps up the drive of the output shaft A to a loWer degree, 
compared to the input shaft E. 

[0201] Transmission State 7th Gear Speed 

[0202] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the brake BN and the 
clutches K2 and K3 are engaged so that all three component 
transmissions TE, TA and TU are connected to form a single 
linkage in Which the securely braked secondary central gear 
NHE steps up to an even greater degree the drive of the 
central gears SA and SU Which are coupled ?xed in terms of 
rotation, and to a loWer degree steps up the drive of the 
output shaft A, in each case compared to the input shaft E. 

[0203] According to the table in FIG. 4, for the embodi 
ments in FIG. 3 and FIG. 6 the brake BN and the clutch K2 
are engaged. The function of the engaged state of the clutch 
K3 in FIGS. 1 and 5 is assumed in this case by the 
rotationally ?xed coupling VUF of the central gears SA and 
SU so that here too all three component transmissions TE, 
TA and TU are connected to one another to form a common 

linkage in Which the securely braked secondary central gear 
NHE as a reaction element steps up the respective drive of 
the central gears SA and SU to an even greater extent and 
that of the input shaft A to a lesser extent, compared to the 
input shaft E. 

[0204] Transmission State Reverse Gear Speed R1 

[0205] According to the table in FIG. 2, for the embodi 
ments according to FIG. 1 and FIG. 5 the brakes B1 and BR 
and the clutch K3 are engaged so that the tWo component 
transmissions TA and TU are connected to one another again 
to form a common linkage With a securely braked planet 
carrier PTU, upstream of Which the input-end component 
transmission Which has been changed to its static transmis 
sion ratio is connected in series in the How of force. The 
static transmission ratio in turn results in a high gear speed 
transmission ratio While the effective reaction element PTU 
in the linkage imparts the opposite direction of rotation of 
the coupled central gears SA and SU Whose rotational speed 
is someWhat reduced again in the output-end component 
transmission TA for the output shaft A. 
















